This study, an important groundwork for clinical tongue diagnosis and future traditional Chinese medicine (TCM) research, tested the hypothesis that some tongue features vary significantly between different gender and age groups by utilizing an automatic tongue diagnosis system (ATDS).
Introduction
Traditional Chinese medicine (TCM) has received a wider acceptance from western medicine in recent years. [1] The World Health Organization (WHO) even published a dictionary-type book which covers thousands of Traditional Medicine terms from basic theories, diagnostics, diseases, various therapeutics. [2] TCM diagnosis is based on four standard approaches, i.e., inspection, smelling/listening, inquiry, and palpation. Inspection tops the four ways of TCM diagnosis and the tongue is the major subject of focus during inspection. Therefore, tongue diagnosis, serving as a common non-invasive means to reliably provide clinical information, plays a pivotal role in TCM. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] By observing tongue features, TCM practitioners could probe into the status of blood and qi, and the alternation between yin and yang energies. [15, 16] In the past few years, several researches applied case-control methodology to explore the association between tongue characteristics and specific diseases, including breast cancer, [4, 6] type 2 diabetes, [7, 8] metabolic syndrome [9] and functional dyspepsia, [17] in the hope of deriving discriminating tongue features to distinguish individuals with/without the specific disease through a non-invasive means in the early stage. However, the physiological phenomenon of the human body may vary among different gender and age groups, e.g., the female constitution is subject to change due to menopause, [18, 19] or pregnancy, [20, 21] and ageing could cause physiological changes. [22, 23] Even though a pinkish tongue with thin layer of white fur, normal amount of saliva, and no visible fissure, ecchymosis, teeth mark and red dot present is widely recognized as observed in an average person, some tongue features might progressively deviate from this norm through aging or digress between males and females due to inherently dissimilar constitution. In the absence of full knowledge of the progressive changes of tongue features through different stages of life and fundamental disparities between genders, the discriminating tongue index identifying a specific disease aforementioned might prove to be biased and results will be rendered inconclusive.
In light of the above observation, we speculate that some tongue features might vary among different gender and age groups. Besides, the inconsistency of subjective diagnosis can be improved by using the development of validated instruments. An automatic tongue diagnosis system (ATDS), with a high degree of diagnostic consistency, was developed by our team. [24, 25] With the help of ATDS, the study was tested by performing a crosssectional tongue diagnosis study from a community-based population with 1,487 participants to explore tongue features between different age groups and genders.
Methods

Study design and participants
In order to derive representative values/ranges of a specific group of population, data collected from health examinations or community surveys are often employed. [17, 26] In this study, subjects who were older than 20 years old with signed consent, while undergoing health examination at Changhua Christian Hospital, Taiwan, were recruited from September 2014 to September 2016. Information including demography, physical examination (height, weight, body mass index (BMI), systolic and diastolic blood pressure, and heart rate), and blood test (fasting blood-glucose level, cholesterol and triglyceride) were gathered for each subject. Tongue images were collected at the end of each normal health examination routine to further derive the relevant tongue features of every participant.
Inclusion Criteria. Participants meeting the following criteria would be included: (1) Age above 20 years old (2) Complete tongue diagnosis data (3) Signed IRB agreement in joining this study. Exclusion Criteria. Participants meeting one or more of the following criteria would be excluded: A total of 1487 participants were recruited in our study. All personal details and photographs of recruited subjects were encrypted to ensure confidentiality.
This study was approved by the Institutional Review Board of Changhua Christian Hospital, Taiwan (IRB Number: 140704), and we confirm that all methods were performed in accordance with relevant guidelines and regulations. All subjects have provided written informed consent prior to participating in the study.
ATDS and tongue features
Observation diagnosis is often biased by subjective judgment, which originates from personal experience, knowledge, diagnostic skills, thinking patterns, and color perception/interpretation. A practitioner may reach inconsistent diagnoses on the same tongue if it is examined at different time. In addition, different practitioners may pass disparate judgments on an identical tongue. The ATDS was developed by our team to capture tongue images and automatically extract features consistently to assist the diagnosis of TCM practitioners (Figs. 1 and 2). [25, 27, 28] The value of ATDS hinges on its ability to calibrate brightness and color to compensate for its variations in intensity and color temperatures from light sources and imaging hardware. It also segments the tongue region and extracts the tongue features automatically. There are nine primary features for TCM clinical tongue diagnosis: tongue shape, tongue color, fur thickness, fur color, saliva, tongue fissure, ecchymosis, teeth mark, and red dot ( Fig. 1 ).
These features are extracted by ATDS to further generate detailed information regarding length, area, moisture, and number of relevant tongue features. Our team synthesized the experience of tongue diagnosis of TCM practitioners and multiple professional opinions, we defined the parameters of different tongue features classifications in ATDS to classify.
A listing of the tongue features extracted is summarized below:
1. Tongue shape: small, median, and enlarged 2. Tongue color: pale, pink, red, and bluish 3. Fur thickness: thin or thick 4. Fur color: no fur, white, yellow, and others 5. Saliva: normal or wet 6. Characteristics: numbers of tongue fissures, ecchymoses, teeth marks and red dots 
Results
Characteristics of the study participants
A total of 1487 subjects, ranging from ages 20 to 92, were recruited in this study. Among them, 44.3% were males (659 participants) and 55.7% were females (828 participants). As shown in Table 1 , the average age was 54.7 ± 18.3 years old; mean BMI 23.7 ± 3.7 kg/ m 2 , mean blood pressure 126.1 ± 18.2 (systolic) /77.2 ± 10.3 (diastolic) mmHg, mean fasting sugar level and lipid profile within normal range, and the values of both genders were also displayed separately. The participants were categorized into 2 age groups (<65 years old and ≥65 years old), which were then further stratified based on gender to facilitate the derivation of representative tongue features at different age and gender groups.
Common tongue features from a community-based population
Tongue inspection refers to the examination of prominent tongue features, which include body shape, tongue color, fur color, fur thickness, saliva, etc. Among the 1487 subjects, the most common tongue features were median tongue shape (57.8%), pink tongue color (59.7%), thick fur (58.6%), white fur color (59.8%), and normal saliva (78.6%) in separate categories, respectively. In fur color category "others" refers to dyeing or black, which is rare during clinical diagnosis and therefore not included in the analysis. The mean numbers of fissures, ecchymoses, teeth marks, and red dots extracted in the total population were 6.1± 7.9, 5.1± 8.4, 3.1± 2.7, and 79.9± 67.4, respectively ( Table 2) . 
Differences of tongue features between genders
The tongue features were further examined to address the disparities present between the different genders. Compared to females, males had enlarged tongue shape, thicker fur, more fissures and fewer teeth marks (all P < .001), and also had more red tongue color (P = .019), normal saliva (P = .001), more red dots (P = .005) and yellower fur (P = .014). No significant difference in ecchymosis between males and females was found ( Table 2) .
Differences of tongue features among different age groups
The relationship between age and tongue features was tabulated for males and females in, respectively. These associations of age with more fissures, fewer teeth marks, fewer red dots (P < .001), median tongue shape (P = .029), and wet saliva (P = .014) were also evident in males, but other relationships were not clearly evident. In females, elderly age was associated with more enlarged tongue shape, thicker fur, yellower fur, more saliva, fissures and fewer teeth marks (all P < .001), more ecchymoses (P = .009), and more red tongue color (P = .023).
Discussion
To the best of our knowledge, this is the first study to investigate the association between tongue features and gender/age in a community-based population. The tongue appearance is a crucial indicator in the TCM assessment. [16] Tongue inspection refers to visual evaluation of the shape, color, and fur color, fur thickness, and other tongue characteristics. [29] In the past few years, there were many reports regarding the relationship between tongue features and specific diseases. For example, thin fur was less likely to be found in patients with early-stage breast cancer than nonbreast cancer individuals [6] ; a higher proportion of white fur and a lower proportion of yellow fur were present in metabolic syndrome group [9] ; ecchymosis in patients with type 2 diabetes corresponded significantly to arterial stiffness. [7] There were also studies that explored the relationship between various types of stroke and tongue features. [11, 12, 30] In order to objectively study the progressive changes of tongue features through different stages of life and the fundamental disparities between genders, a large sample size with 1487 test subjects were recruited to identify tongue features that are invariant to the discrepancies in both age and sex. The results showed that the physiological condition of the participant was in accordance with normal standards. A normal tongue pattern has been long recognized as median tongue shape, pink-color tongue, thin fur with white fur color and normal saliva. [16] Our study has shown that the most common tongue features were median tongue shape (57.8%), pink tongue color (59.7%), white fur color (59.8%) and normal saliva (78.6%), which consistently agrees with both the TCM theory and previous studies. [31, 32] Interestingly, we discovered that the proportion of thick fur was higher than the proportion of thin fur. This might be attributed to the fact that the average age of subjects (54.7 ± 18.3 years old) in this study was higher. With the increase of age, the function of body organs gradually degenerates, and it is often associated with thick tongue fur. [33, 34] Some tongue features might digress between males and females due to their inherently dissimilar constitution. It is both interesting and enlightening to identify the invariant tongue features that are unaffected by gender and the non-uniform ones which are disparate due to gender differences. In the different cross-examined age groups, more changes of tongue features were detected in females than in the males counterparts. According to the most important ancient book of Chinese medicine "Huangdi Neijing" females have a basic 7-year cycle, while males an eight-year one. At every age and period, the body changes in accordance with the relative strength or weakness of an individual's kidney essence and kidney qi, which leads different physiological changes and states. [35] Furthermore, females would experience menopause once they reach middle age. During this time, the female constitution would gradually begin to change, such as the endocrine system, [36] blood circulation, [37] and autonomic nerves, [38, 39] which in turn might further impact on the characteristics of tongue.
Although there were many findings in the relationship between gender, age, and tongue features, the underlying mechanisms regarding how gender and age affected tongue features are yet to be clarified. More basic researches, from the expressions of apoptosis-related genes of the tongue epithelial cells to microbiological effects, are needed to establish the exact models. [28, 40, 41] This study serves as an important groundwork to identify tongue features that varying significantly between different gender and age groups, and this is indispensable for clinical tongue diagnosis and future TCM research. This is the first study to apply TCM tongue diagnosis to investigate the association of gender, age and tongue features in a community-based population by using the ATDS. The high agreement of the ATDS can provide objective and reliable tongue features to facilitate doctors in making effective observation and diagnosis. [25] However, there were limitations in our study. In the community-based population targeted study, some participants might have comorbidity diseases. These comorbidities may affect the tongue appearance and the features extracted, and further distort the statistical results. In future work, the association between comorbidity or specific disease and tongue features will be explored.
Conclusion
This study showed most of the common tongue features, which were derived from a community-based population included median tongue shape, pink tongue color, white fur color, and normal saliva. Some tongue features, significantly gender-and age-dependent, were identified. These disparities in tongue features from different gender and age groups shall be prudently taken into consideration in clinical practice and future TCM research to reach correct tongue diagnosis.
